CHEM-235 - Midterm Test

PART A: All three questions in this section must be completed.

(1). (8 points) The reaction 2NOy(g) + Fa(g) — 2NO;F(g) was investigated at 27 °C, and the

following data were recorded:

oY [NOyJ/mol dm” [F5]/mol dm” —d[NO;]/dt/mol dm”s”
| 1.00 1.00 76

1.00 2.00 152

2.00 2.00 304

4.00 4.00 1216

(a) Determine the rate law for this reaction, including the value of the rate constant with

proper units.
(b) What is the overall order of this reaction?
(c) Is the form of the rate law for this reaction consistent with a one-step mechanism?

Explain briefly.
(d) If this reaction is carried out in a rigid vessel, how would the pressure inside the vessel
change as the reaction progresses 2 Assume that there is negligible temperature change

throughout the process.

(2). (8 points) At 600°C, cyclobutane has a half-life of 72 seconds, decomposing to form

ethylene:
C.Hs(g) — 2C:Hi(®)

If a rigid reaction vessel is filled with cyclobutane such that the initial pressure inside the vessel
i< 5 0 atm. what will the pressure inside the vessel be after 3 minutes?’

(3). (4 points) The decomposition of ammonia in the presence of finely-divided platinum is an

example of a zero-order reaction.
2NH;(g) — Na(g) + 3H2A(g) rate = Kk

Using a simple illustration, explain why the rate of this reaction is independent of the
concentration of ammonia. What are the units of the rate constant for this reaction?
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question 4 will be graded.

(4). (15 points) Based on the collision theory of reaction rates, it can be argued that
the reaction A + B — Produclts can be estim ed wmgi&eﬁﬂfu ving 1”

In your responses to the following questions, you may, but are not re:

equation.

- - —.
L B o . F a
i Ly ;._I f |' o .-: = | | o i
L L.a.'l...!..a-..'-c.-- S TP ¥t - L

the key requirements that must be satisfied for a reaction to occur as defined by th
collision theory of reaction rates. , -

(b) What are some limitations of the collision theory of reaction rates? For what kinds of
reactions does collision theory provide the best predictions of reaction rates

(a) Briefly describe three variables that influence the rate of a reacti
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(5). (15 points) Consider the following bimolecular reaction, for which the pre-exponentiat
factor and activation energy are, respectively, 2 X 10° dm’mol’'s™" and 44 kJ mol ;.

CHi(g) + C:Hs(g) — CHu(g) + C:Hs(®) i

(a) Calculate the enthalpy, entropy and Gibbs energy of activation for this reac ion at 25°C.

Rationalise the sign of the entropy of activation in terms of the natur

state for this reaction.
en ﬁai at q.-f

(b) Determine the standard Gibbs energy change for this reaction give t the
enthalpies of formation of CH;, CHy, C2Hss and C>Hgare 144, -74.9, 111 and -8
mol”’ respectively, and the standard molar entropies of CHz, CHy, C;Hs ana
194. 186, 248 and 230 J mol'K' respectively. | e

(c) What is the activation energy of the reverse reaction?

(d) Sketch a Gibbs energy diagram for this reaction, indicating on your diagram the
reactants, the products and the activated complex.
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